Cicer milkvetch (Astragalus cicer L.) is a perennial legume used as a pasture or rangeland plant for ruminants. A study was undertaken to determine whether reported variations in its ruminal digestibility may be related to the presence of an antinutritive material. In vitro fermentation of neutral detergent fiber (NDF) of cicer milkvetch by mixed rumen microflora was poorer than was the fermentation of NDF in alfalfa (Medicago sativa L.). Fermentation of cicer milkvetch NDF was improved by preextraction of the ground herbage with water for 3 h at 39°C. Such water extracts selectively inhibited in vitro fermentation of pure cellulose by mixed ruminal microflora and by pure cultures of the ruminal bacteria Ruminococcusfiavefaciens FD-1 and Fibrobacter succinogenes S85. Inhibition of the cellulose fermentation by mixed ruminal microflora was dependent upon the concentration of cicer milkvetch extract and was overcome upon prolonged incubation. Pure cultures exposed to the extract did not recover from inhibition, even after long incubation times, unless the inhibitory agent was removed (viz., by dilution of inhibited cultures into fresh medium). The extract did not affect the fermentation of cellobiose by R.flavefaciens but did cause some inhibition of cellobiose fermentation by F. succinogenes. Moreover, the extracts did not inhibit hydrolysis of crystalline cellulose, carboxymethyl cellulose, or p-nitrophenylcellobioside by supernatants of these pure cultures of cellulolytic bacteria or by a commercial cellulase preparation from the fungus Trichoderma reesei. The agent caused cellulose-adherent cells to detach from cellulose fibers, suggesting that the agent may act, at least in part, by disrupting the glycocalyx necessary for adherence to, and rapid digestion of, cellulose.
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Cicer milkvetch (chickpea milkvetch, Astragalus cicer L.) is an introduced perennial legume which has gained attention as a potential forage crop for the central and northern Great Plains and Pacific northwest regions of North America because of its low lignin content (6) , acceptable yields (23), overwintering ability (22) , leaf retention during environmental stress (13, 27) , and resistance to insects (6) . Although animal performance on cicer milkvetch is often good (17, 18) , utilization of cicer milkvetch by ruminant livestock is sometimes problematic. While this forage does not cause bloat, it has been reported to occasionally cause photosensitization in lightly pigmented cattle (10) , and there is some evidence that its fiber components are fermented less readily than are those of other forages (6) . Such depression in fiber utilization may reflect purely structural factors (e.g., cell wall lignification) or the presence of toxic compounds at concentrations inhibitory to ruminal microflora. The purpose of this investigation was to examine whether the variable digestibility of cicer milkvetch by ruminal microorganisms is due to plant metabolites which inhibit fermentation of plant structural polysaccharides. After 20 h of incubation, cultures (3.0 ml) were exposed to 0, 0.1, or 1% (vol/vol) of cicer milkvetch extract and shaken for 10 min. The suspensions were treated with 1 ml of 8% glutaraldehyde for 30 min, and the entire sample was then gravity filtered through a GF/D glass fiber filter that had previously been trimmed to a 25-mm diameter and placed inside an Al seal closure (Wheaton, Millville, N.J.). After filtration was completed, a second filter and a plastic washer having a center diameter of 10 mm were placed over the first filter, and the entire "sandwich" was sealed with a hand crimping tool. The completed sandwich containing the entrapped cellulose fibers was successively dried through increasing concentrations of ethanol and then was criticalpoint dried under CO2. The sandwich was then disassembled, and the original cellulose-containing filter was shadowed with Au by using a Technics Hummer VI sputter coater operated at 5 mA for 2 min. The coated fibers were mounted on Al stubs and examined with a JEOL JSM-35CF scanning electron microscope at an accelerating voltage of 8 kV.
MATERIALS AND METHODS
Enzyme assays. Avicelase activity was determined by incubating 0.96 ml of supernatants of bacterial cultures (grown under different conditions) with 1.00 ml of acetate buffer (0.2 M, pH 5.0) and 10 mg of Avicel PH101 microcrystalline cellulose in 5-ml serum vials. After 16 h of incubation at 39 or 50°C and 200-rpm shaking, 1.5-ml samples were centrifuged at 12,000 x g for 5 min, and reducing sugars in the supernatants were assayed colorimetrically by (14) . Assays with soluble substrates were conducted in 1.7-ml tubes at 39°C. Carboxymethyl cellulase assay mixtures contained 0.50 ml of 2% (wt/vol) carboxymethyl cellulose in 0.10 M Na acetate buffer (pH 5.0), plus 0.50 ml of culture supernatant. After 4 to 8 h of incubation, the reaction was stopped by addition of 0.25 ml of 8% Na2CO3, and reducing sugars were measured as described above. Cellobiase activity was assayed by the method of Gardner et al. (3), using p-nitrophenyl-3-D-cellobioside as substrate. All assays were also conducted with Trichoderma reesei cellulase instead of the bacterial culture supernatants. For these assays, the enzyme was diluted in the above-mentioned buffer and used at a final concentration of 13 to 29 U per assay tube, and the incubation temperature was 50°C. (Table 2) . Separation of the material by plant maturity revealed that the strongest inhibition was obtained with more-mature leaf tissue. Extracts prepared from genetic clones selected from the Monarch cultivar for high palatability gave greater inhibition than did those prepared from cultivars selected for low palatability ( Table 2 ). The variation in inhibitory activity observed in different cicer milkvetch samples suggests that the varying levels of the agent resulting from different genetic backgrounds or different growth environments may explain conflicting data on the digestibility of this forage (6, 10, 13, 23) . Most extracts caused complete inhibition of in vitro cellulose digestion at concentrations of 3% (vol/vol). At an assumed bovine rumen liquid volume of 50 liters, this translates to a mere 0.15 kg of dry cicer milkvetch to completely (but transiently) inhibit the ruminal cellulose fermentation. The fact that greater inhibitory activity was extracted from older leaves suggests that the inhibitor may be a secondary metabolite produced late in development or in response to stress (e.g., cutting). The inhibitor was also present in fresh leaves, but dried material was used for the experiments described here owing to its ease of being ground to prepare a substrate suitable for water extraction. In other experiments, cicer milkvetch extract was shown to completely inhibit fermentation of all types of cellulose tested, including two crystalline and two amorphous celluloses.
The inhibitory agent did not appear to be directly cytotoxic, since cultures of R. flavefaciens exposed to cicer milkvetch extract (and thus not growing) for as long as 24 h resumed cellulose fermentation and growth upon dilution into fresh medium containing cellulose but lacking the extract. Lag times before regrowth (estimated visually) were similar to those of parallel cultures that had been starved by inoculation into fresh media lacking both cellulose and extract prior to reinoculation into fresh media. Regrown, extract-inhibited cultures retained sensitivity to further exposure to the cicer milkvetch extract, indicating that they were rescued survivors rather than resistant mutants. Survival could not be quantitated, however, since the vast majority of cells were attached to cellulose particles and thus were not countable either microscopically or by dilution plating.
Microscopic examination of crystal violet-stained culture wet mounts revealed that cellulose-containing media inoculated with both culture and cicer milkvetch extract did not show a significant increase in cell numbers over control cultures lacking both cicer milkvetch extract and cellulose. (A), 0.1% (B), or 1.0% (C) (vol/vol) (see Materials and Methods for details of extract preparation). The cultures were then shaken 10 min prior to fixation and preparation for electron microscopy. (In panels B and C, the glass fiber filters used to recover the larger cellulose particles are readily observable). For all panels, bar = 10 ,um.
with activated carbon (Darco G-60) or by freezing and subsequent thawing of the crude extract.
Relationship of the inhibitory agent to other antinutritive compounds. Several plant products have been previously reported to inhibit ruminal cellulose fermentation in vitro. The inhibitory effects of forage phenolics on cellulases have been widely reported (for a summary, see reference 11), and extracts of lespedeza (Sencea cuneata) inhibit cellulose digestion by mixed ruminal microflora in vitro, apparently because of the presence of condensed tannins (20) , which are known to bind extracellular enzymes (29) . However, cicer milkvetch reportedly contains only low levels of tannins (2) . In addition, our results indicate that the agent did not lose activity upon treatment with phenol oxidase, and partial purification of the agent reveals that it does not have the UV-visible absorption characteristics of phenolics or tannins (24) . Similarly, the inhibitor does not appear to be a nitrotoxin or cyanogenic glucoside, because of the reported absence of these materials in A. cicer (28) and the apparent high molecular mass (>10 kDa) of the active fraction of the extract. Purification of the agent, currently in progress, will provide an interesting and useful tool for further examination of the ruminal cellulolytic process, particularly the role and mechanism of bacterial attachment to cellulose. Currently available inhibitors specific to the cellulolytic process are exclusively synthetic compounds such as epoxyalkyloligosaccharides, which inhibit some cellulolytic enzymes (9) and methylcellulose, which can both detach ruminal bacteria from cellulose and inhibit cellulolytic enzymes (16) .
